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Initiation of the Noncanonical Infl ammasome Signaling
Caspase 11 expression is undetectable in resting cells, and its transcription is induced by lipopolysaccharide (LPS), IFN-/ or IFN- due to the presence of ISRE, GAS, and NF-B-binding elements in the promoter region. Thus, a priming signal that induces caspase 11 transcription is essential for initiating the noncanonical infl ammasome pathway (Yang et al., 2015) .
LPS (also known as endotoxin) is an essential cell wall component and the most conserved molecular pattern in Gram-negative bacteria. In fact, it is LPS in the bacteria that is responsible for caspase-11-depenent pyroptosis. Extracellular LPS can access the cytosol through TLR4/MD2/CD14 receptor complex-mediated endocytosis or bacterial OMV-mediated entry (Vanaja et al., 2016) . Cytosolic access of LPS from vacuole-living bacteria is promoted by disruption of vacuole membrane integrity such as that by the action of host GBPs or genetic mutation in bacteria (Kim et al., 2016) . Bacteria adapted to intracellular free-living style may escape from the noncanonical infl ammasome surveillance by secreting an inhibitory effector or modifying its LPS structure. A recent report shows that host-derived lipids oxPAPC can enhance dendritic cell activation in mouse cells via caspase-11-depenent NLRP3 infl ammasome-mediated IL-1 release (Zanoni et al., 2016) .
In humans, caspase 4 is constitutively expressed in monocytes as well as various nonmonocytic cells. The noncanonical infl ammasome signaling in human cells can also be activated by cytosolic LPS but without the need of transcriptional priming (Yang et al., 2015) .
Activation of Caspase 11/4/5 in the Non-canonical Infl ammasome Pathway
The most conserved region in LPS structure is lipid A, which contains a bisphosphorylated disaccharide of glucosamine attached with six acyl chains. Lipid A, but not its biosynthetic precursor the tetra-acylated lipid IVa, is not only an agonist of the TLR4/MD2 membrane receptor, but is also responsible for caspase-11-depenent pyroptosis (Yang et al., 2015) . Genetic studies have failed to identify the presumed LPS-binding infl ammasome complex, while biochemical analyses unexpectedly reveal that LPS or lipid A directly bind to caspase 11 as well as caspase 4/5 (Shi et al., 2014) .The binding induces oligomerization of the caspases, which turns on their cysteine protease activity to cleave the downstream target (Shi et al., 2015) . The CARD in caspase 11/4/5 is suffi cient to recognize lipid A and undergoes oligomerization for proximity-induced activation of the caspase. Caspase 11/4/5 activation by LPS does not require autoprocessing into the tetrameric form of an active caspase. Consistent with its biological property, lipid IVa can bind to caspase-11 but does not induce its activation. This also suggests a sophisticated mechanism underlying LPS activation of caspase 11 that awaits structural elucidation. Different from LPS, oxPAPC targets the caspase domain in caspase 11 and activates downstream NLRP3 infl ammasome independently of caspase 11 catalytic activity. Thus, caspase 11/4/5 represent a unique family of pattern recognition receptor protease that is specifi c for cytosolic LPS.
Effector Functions of the Non-canonical Infl ammasome Pathway
Different from caspase 1, caspase 11/4/5 do not process interleukins but only induce pyroptosis. Caspase 11/4/5 share with caspase 1 the pyroptotic substrate GSDMD (Gasdermin D) (Kayagaki et al., 2015; Shi et al., 2015) , a member of the large Gasdermin family. LPS-activated caspase 11/4/5 cleave GSDMD within the linker between the N-terminal and C-terminal domains, thereby releasing the autoinhibition on the N-terminal domain of intrinsic pore-forming activity . The unleashed N-terminal domain translocates to the plasma membrane through binding to membrane phosphoinositides and perforates the membrane to cause cell swelling and osmotic lysis . The GSDMD pore has an inner diameter of 10-14 nm and may also serve as a conduit for releasing cellular contents, including IL-1. The noncanonical infl ammasome pathway can activate the NLRP3 infl ammasome in monocytes (Kayagaki et al., 2011 (Kayagaki et al., , 2015 . This indirect effector function results from membrane disruption by the GSDMD pores and is absent in non-monocytic cells that express caspase 11/4/5, but not NLRP3.
LPS is abundant in Gram-negative bacteria; consistently, the noncanonical infl ammasome plays an important role in detecting and clearing various bacterial infections such as Salmonella and Burkholderia spp. In this process, GSDMD-mediated pyroptosis of infected cells makes a critical contribution. More importantly, the LPS-responsive caspase 11 GSDMD pathway also critically determines excessive LPS-induced endotoxic shock in mice that mimics sepsis in clinics, which is independent of the TLR4/MD2 membrane receptor for LPS (Yang et al., 2015) .
